Abstract-A compact polarization diversity ultra-wideband (UWB) antenna with size 32 × 32 mm 2 is presented in this paper.
INTRODUCTION
Ultrawideband (UWB) [1] technology has many promising features in the modern wireless portable communication devices, for example, wide bandwidths, low power consumption, high-speed communication transmission rate, good radiation pattern performance, and steady impedance. However, UWB systems also bear channel fading in the multipath environment, similar to a lot of other wireless communication systems. As a solution to this problem without using extra transmitted power or frequency spectrum in rich scattering environments, antennas incorporated with diversity technology have been presented [2, 3] .
Various UWB diversity antennas have been previously reported. For instance, the antenna elements are arranged orthogonally to obtain polarization diversity and high isolation [4] [5] [6] [7] [8] [9] [10] [11] . In order to enhance wideband isolation, a protruded stub integrated diagonally in the ground plane was used in [6] [7] [8] 11 ]; a rectangular slot in the circular radiator was used in [6] ; a parasitic T-shaped strip between the radiating elements was used in [9] . However, some decoupling structures are complex.
In this letter, a compact polarization diversity UWB with simple fork-shaped decoupling structure located diagonally across the two orthogonal microstrip feed lines. In addition, two rectangular slots are made in both the ground and feed lines to widen impedance bandwidth. The paper is organized as follows. Section 2 provides the antenna design and analysis. Section 3 shows the measured results. The conclusion is given in Section 4. Figure 1 shows a diagrammatic sketch of the proposed polarization diversity UWB antenna consisting of a LTS ground, two orthogonal micro-strip feed lines and a floating fork-shaped decoupling structure (circled by green triangle). The prototype is shown in Fig. 2 . The decoupling structure is 
ANTENNA DESIGN

Antenna Description
These final values of the antenna dimensions were obtained by parameter optimization using the commercial software Ansoft HFSS [12] . All constituents and geometry parameters are marked in Fig. 1 and Fig. 2. Figure 3 shows the S 11 with three different LTS open angles L t1 in the ground. The bandwidth increases with the decrease of the opening angle of the tapered slot. Hence, the opening angles of LTS in the ground obviously influence impedance width. Steps for further improving the impedance width by rectangular slots are described in Fig. 4 (named from Antenna-1 to Antenna-3), and the corresponding S 11 curves are in Fig. 5 . The rectangular slots greatly improve the −10 dB impedance bandwidth, finally covering the whole UWB 3.1-10.6 GHz. Figure 6 shows the decoupling structure evolution from decoupling line (marked Antenna 4) to forkshaped structure (Antenna 5). The isolation and return loss for Antennas 4, 5 are shown in Fig. 7 . The decoupling line can basically solve coupling problem, and the fork-shaped decoupling structure further improves impedance width and isolation in the high band above 10 GHz. The effects of parameters L p1 and L p2 on decoupling are shown in Fig. 8 and Fig. 9 . Longer L p1 contributes to the isolation for the lower band, but does in the opposite direction for the higher band. Compared with L p1 in decoupling, parameter L p2 is in the other way around. From the bandgap of view, the fork-shaped structure on the middle ground makes the resonant frequency of the antenna fall inside the bandgap of the fork-shaped structure. Surface waves are suppressed, and the mutual coupling is reduced then. From the electrical length of view, apparently, the different actual physical lengths of each branch leads to different electrical lengths. The different electrical lengths directly correspond to different frequencies to decouple. In other words, different branches work at different frequencies to reduce the coupling between two antenna elements.
Impedance Bandwidth Analysis
Decoupling Analysis
Geometery Parameter Effect on Decoupling
Surface Current Analysis
Figures 10(a), (b) are the surface current distributions for antennas with/without decoupling forkshaped structure, on the condition that port 1 is excited while port 2 is terminated to a matching load. Compared with Fig. 10(a) , the current from port 1 to port 2 is dramatically reduced.
MEASURED RESULT
The simulated and measured results are shown in Fig. 11 . S 11 < −10 dB and S 12 < −15 dB in the whole UWB 3.1-10.6 GHz. Fig. 12 indicates that gain is 1.5 dBi-4.1 dBi, and efficiency is above 70% in the UWB band. In Fig. 13 , derived from the measured 3D E-field radiation patterns [13] , the envelope correlation coefficient (ECC ) is below 0.02, ensuring good diversity performance. Table 1 shows a comparison of this antenna with some other UWB polarization diversity works. In Fig. 14 , the Hplane pattern is nearly omnidirectional [14] . Low cross-polarisation can also be seen in Fig. 14 . The S-parameters are measured by the Agilent R3770 vector network analyzer, and a Satimo chamber [15] is used to measure the radiation patterns, realized gains and efficiency. The discrepancy between the simulated and measured results may be due to the SMA connector and environment of measurement. 
CONCLUSION
In this paper, a compact polarization diversity UWB MIMO antenna with size 32×32 mm 2 is developed. A simple fork-shaped decoupling structure located diagonally across the two orthogonal microstrip feed lines contributes to the high isolation between two ports. S 12 < −15 dB, S 11 < −10 dB, ECC < 0.02 in the whole UWB 3.1-10.6 GHz.
